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A s  p a r t  of t h e  s c i e n t i f i c  support  s t u d i e s  program f o r  the AGCE, 
l abo ra to ry  s t u d i e s  of b a r o c l i n i c  and o t h e r  convective l n s t a b i l i t i e s  have 
been performed f o r  a t h i n  l a y e r  of  f l u i d  between thermally conducting 
ho r i zon ta l  d i s c s .  A h o r i z o n t a l  g rad ien t  is equa l ly  imposed upon t h e  two 
(sapphire)  d i s c s ,  while  a v e r t i c a l  temperature d i f f e r e n c e  is a l s o  
imposed. The apparatus  is r o t a t e d  with constant  angular ve loc i ty .  The 
Richardson number (Ri) i s  thereby con t ro l l ed  and can be made on t h e  
average a r b i t r a r i l y  small o r  l a r g e  (although the re  can be a l a r g e  
s p a t i a l  v a r i a t i o n  wi th in  the  f l u i d  volume) 
There have been t h r e e  types of modes i d e n t i f i e d .  The f i r s t  has a 
"spiral-arm" appearance, and e x i s t s  f o r  l a r g e  enough hor i zon ta l  thermal 
fo rc ing ,  weak enough s ta t ic  s t a b i l i t y ,  and l a r g e  enough r o t a t i o n .  The 
source of t h i s  wave has been shown t o  be the  Eady mode of i n s t a b i l i t y  by 
performing comparative experiments with the  more t r a d i t i o n a l  side-heated 
apparatus.  
The second mode i s  due t o  convect ive i n s t a b i l i t y  i n  the  thermal 
boundary l a y e r s  which e x i s t  due t o  the  thermally conducting h o r i z o n t a l  
boundaries. Without r o t a t i o n ,  t h i s  appears as small-scale r a d i a l l y  
o r i en ted  r o l l s .  For slow r o t a t i o n ,  the r o l l s  are skewed i n t o  a s p i r a l .  
I f  t h e  s t a t i c  s t a b i l i t y  is  not l a r g e  (and e s p e c i a l l y  f o r  nega t ive  s ta t ic  
s t a b i l i t y ) ,  these s p i r a l s  p e r s i s t  f o r  l a r g e  enough r o t a t i o n  t h a t  t h e  
r o l l s  appear t o  extend through t h e  i n t e r i o r  of the f l u i d .  The appear- 
ance is  almost symmetric f o r  t hese  higher  r o t a t i o n  rates. Because t h i s  
phenomenon does not occur f o r  moderate-to-large h o r i z o n t a l  hea t ing ,  w e  
do not be l i eve  t h i s  t o  be t h e  symmetric (or almost symmetric) b a r o c l i n i c  
i n s t a b i l i t y  (Solberg mode). 
F i n a l l y ,  f o r  s t rong  enough nega t ive  s ta t ic  s t a b i l i t y ,  thermal 
convection of the Benard type,  bu t  under the  in f luence  of r o t a t i o n  and 
ho.rizonta1 hea t ing ,  appears. 
i n  much d e t a i l .  
symmetric (Solberg) mode w a s  - no t  found, even though i t  would be expected 
under c e r t a i n  experimental cond i t ions  according t o  i n f i n i t e - p l a n e  
theory . 
W e  have not pursued a s tudy  of t h e s e  modes 
Probably t h e  most s i g n i f i c a n t  r e s u l t  of our  r e sea rch  i s  t h a t  t h e  
PLANS FOR FY-85: 
Laboratory s t u d i e s  w i l l  be coordinated wi th  t h e o r e t i c a l  s t u d i e s  i n  
an attempt t o  explain t h e  l a c k  of appearance thus f a r  of t h e  symmetric 
modes. (See the  r e p o r t  by Miller, herein.)  Some minor mod i f i ca t ions  t o  
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t he  apparatus  may be  necessary  t o  a l low the  simultaneous imposi t ion of 
small R i ,  l a r g e  thermal  Rossby number, and s m a l l  Ekman number. 
W e  s h a l l  begin s t u d i e s  wi th  an apparatus  wi th  d i f f e r e n t i a l l y  
r o t a t i n g  top and bottom boundaries.  Continuous s t r a t i f i c a t i o n  w i l l  be 
provided by hea t ing  and cool ing the  top  and bottom s u r f a c e s ,  respec t ive-  
l y ,  analogous t o  the  two-layer experiments of Hart. 
RECOMMENDATIONS FOR FURTHER RESEARCH: 
Deta i led  s tudy  of t h e  second and t h i r d  modes above would a l s o  have 
g r e a t  re levance t o  GFFC. It would be advisable  t o  perform such s t u d i e s  
as s c i e n t i f i c  back-up f o r  GFFC. 
t o  cold f r o n t s  i n  the  troposphere.  More d e t a i l e d  s t u d i e s ,  mapping 
temperature and v e l o c i t y  f i e l d s ,  may prove t o  be very  va luable  a i d s  t o  
developing and t e s t i n g  t h e o r i e s  of f rontogenes is .  Such s t u d i e s  are 
recommended. 
The Eady modes seen i n  t h i s  s tudy  have s t r i k i n g  v i s u a l  similarities 
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